Chemical Analysis of Particulate Matter (PM)
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“ Introduction. mcreasingly, worldwide epidemiological research links PM air Methods, Cont’d.
pollution with adverse cardiopulmonary health effects and mortality. The specific physical
and/or chemical constituents of PM responsible for the observed effects are not yet known. ETD also works with other labs to further characterize PM samples: =
Growing evidence points to bioavailable transition and heavy metals found in PM. The @ Carbon speciation analysis — organic/elemental/carbonate (Sunset Laboratories) =
ability to conduct a complete compositional analysis of PM is a crucial prerequisite for the ® Elemental, nitrate, sulfate analysis (Research Triangle Institute, NERL)

proper interpretations of results from toxicological studies.
< Total elemental content: X-Ray Fluorescence (XRF, NERL, NRMRL), Neutron Activation Analysis

“ Methods. our lab’s main task is to determine the elemental composition and relative (NAA, NC State University) World Trade Center | Min-Monograph T —
bioavailability of source, urban ambient, and surrogate PM samples. We also measure metal 2\ del 1 ion- S o Bl Mi n D e X.R Chemical Analyss of World Trade Center Fine Prtiulate Mater for Use § m oaw mm oo e o .
content in all tvoes of biological los. F et del ; b/ icroscopy and elemental composition: Scanning Electron Microscopy — Energy Dispersive X-Ray in Tocologic Assessment
yp gical samples. For new sample types and elements, we researc Analysis (SEM-EDX, NERL) i N g O o 1D o Gl ot P i)+ B
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adapt / adopt / develop methods accordingly. Whenever possible, we use EPA standard Y ’ Potor et s o1 s oo Ol ot nd Onog, U Encners S SR -
) . University Schaol ofMedicinﬂ,Tw_ﬂdo, NI;WYUFR, USA; 3!\‘IatinnvalRs.ona‘ggt_ql{:::?uﬁt :;::r:mgrgrﬂnu#‘gsduglvavr?;nn;kl Exposure 'i:.. :zo; Efj 3: kﬁ; R?; a8
methods for Sample prep and anaIYSIS, to help assure data quallty. zé:}!::;rég:’tﬁln::raljgz,OfficnofResearchandDuvelupmenl,U.S.Envlir(':r?:lnsntﬂlPr01t\:t‘runAgnncy‘HesoarchTrianglsPark, ;: EE; ; X E; Te; n
ETD sample prep: - Results. etp’s analytical capability has directly contributed to numerous studies that linked R L
toxic effects with specific PM transition metals. Here are some results:
@ Sample prep usually requires extraction and/or digestion to solubilize the elements of interest “ Fut Di ti
into an acidic solution, prior to aspiration into ETD’s ICP elemental analyzers. Using Clean e e ooy o uture virecuons.
(;lhemlsltry teChchllleildung prepzilratlon of saplple; andﬁtandalr(c)ig exti)nl\(/ils detecitlon limits of " - “ Improve and extend our analytical capabilities by adding more elements and upgrading analyzers. For
. < Pulmonary Responses to Qil Fly A:sh Particles in th? Rat Differ m: = = .- . — 0 : . 1
the analyzers —and allows better characterization of smaller ( ug) PM samples. by Vit o Thef Specic Soluble et A — example, during summer 2003 we retired a 15-year-old ICP-OES analyzer (PerkinElmer P40) and replaced it
ETD methods for elemental analysis: g s : with a state-of-the-art model (PerkinElmer 4300DV). For an equal amount of sample (3.5mL), the new
| f’n: el 21 e -}; i 2:; ) analyzer provides both more elements analyzed (32 VS. 2) and impI'OVed detection limits (by a factor of 5 —10
< Inductively Coupled Plasma — Mass Spectrometry (ICP-MS), using EPA Method 6020a e S for every element). Reduced sample requirements will allow analysis of more samples using both ICP-MS and
< Inductively Coupled Plasma — Optical Emission Spectrometry (ICP-OES), using EPA . —oes — e ICE-ORS analyzers, iyrihierstren gthening QC andidata quatity:
Method 200.7 R . enrEnssemnm o | 9 Better characterize PM samples for both total and bioavailable mass fractions. This involves getting more
OF AIRBORNE PARTICULATE MATTER t. e B el WPt L . . . . . .
Together the analyzers cover most of the periodic table, and can measure PM elemental i 5 PM mass during sampling, Performmg bth total ele.mental analy§1s (XRF, NAA) anq bioavailable elemental
composition from percent to ug/g (parts per million). The detection limit ranges as shown e s S]] analysis (ICP, IC), and adding new analytical capability. We are including the following analytes: water-
below are generally achievable in practice Ty oA . e soluble carbon content, ammonium, chloride, and phosphate 1on content; total carbon-hydrogen-oxygen (CHO)
THE ELAN 6000 ICP-MS oo e rermr et Content‘
e ﬁ.E — o = We will use analytical results from the two bullets above to provide better source apportionment information
= -9 . , 1 : = Qess s, FEI Compaund o extracl () Calai) 5 . A A o
gy BERE T = % on PM, and to prepare for upcoming research in Air Toxics.
el e Y e e A e '“ i
O T T R e e e 2 Improve speciation of bioavailable elements, by separating water-soluble PM into three fractions: 1) free and
el bl i ’
loosely-bound, 2) organics-bound, and 3) tightly-bound. The expected degree of metal bioavailability 1s: free /
loosely-bound > organics-bound > tightly-bound.
. e i ; - - T - s | . , , ,
‘ HE o = @ 1= 13 = a ¥ Develop stable isotope methods for tracing elements found in the body at high levels, such as iron, copper,
S — s B e . . - ] . ey : . : .
ot e [ e [ e P e e e e - ot LS = - and zinc. These samples will all be 1n biological or tissue culture matrices - preconcentration of the metals of
R T o R [, (e, B, e ord Fag ol o il - o K By e e ey R 1. | = HE BT . . . . . . . . .
o, e, . [ [ e e o T r,.%-m;-mltv: Sl R T et T - - — = = = interest while removing the sample digest matrix will give more precise 1sotope measurement.
SETT T B R R oo = @ Analyze clinical samples for major (Na, Cl, C), minor (Ca, Mg, K, P, Fe, Cu, Zn), and trace (Se) elements — to
' = = ) ) . . . . . .
e investigate how PM inhalation can affect their interbalance.
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